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Polyhlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and poly-
chlorinated biphenyis (PCBs)were analyzed in 167randomhuman milksamplesfrom urban and
rralareas inFinland. Dietaryhabitsandbackgroundinformationoneachmotherandchildwere
gathered by questionnaire. Body mass indexes (BMI) before pregnancy and deliveryin the mral
area were 5-10% higher than in the urban area, but fat content ofmother's milk was about 10%
higher inthe urbanarea. Themeanweights ofchildren (t standarddeviation) were similar inthe
rualand urbanareasamongprinmiparae, 3,500 * 597gand3,505 * 454 g,.respectively, although
dioxin international toxic equivalents (I-TEQs) were significantlyhigher in the urban area. The
mother's level of education did not affect the weight of the child, but concentrations of
PCDDs/PCDFs (l-TEQ 2,3,4,7,8-Cl, dibenzofuran, 1,2,3,7,8-Cl5 dibenzodioxn) and PCBs
[sum ofPCBs (XPCB), PCB-TEQ, and most PCB congeners] increased with advanced educa-
tion. This is considered to be due to differences in the mother's consumption offish. The birth
weight, especialyofboys, slighdtydecreasedwith increasingconcentrations ofI-TEQ, 2,3,4,7,8-
Cl5 dibenzofuran, 1,2,3,7,8-Cl, dibenzodioxin, and 2,3,7,8-Cl4 dibenzodioxin; however, when
the analysis was restricted to primiparac, therewas no statistically significant correlation between
birthweight and the concentrtions ofPCDDs/PCDFs. No correlation was found between the
weight ofthe child and ZPCBs, PCB-TEQs, or individual PCB congeners in thewhole material
or amongpriniparae, oramongboys orgirls. Theconcentrations ofPCDDs/PCDFs andEPCBs
in human milkwere modeled forprimiparae byweighing fish consumption, age ofmother, milk
fat content, and BMI before pregnancy. The linear regression resulted in values ofR = 0.67 and
0.30 for the modeled dioxin I-TEQs in the urban and rural areas, respectively, and the corre-
sponding values for XPCBs ofR = 0.60 and 0.11. The increase ofPCDD/PCDF body burden
was calculated to be on average 0.58 pg I-TEQ/g milk fat/year in the urban area and 0.39 pg I-
TEQ/g milkfatlyear in the rural area. Keywordk. age, birthweight, BMI, body mass index, diet,
dioxins, human milk, modeling, non-ortro PCBs, parity, PCDDs/PCDFs. Environ Health
Ppcr106:61-66 (1998). [Online 15January 1998]
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One might think that Finland would repre-
sent a low-exposure area with respect to
dioxins and polychlorinated biphenyls
(PCBs). This country of 5 million inhabi-
tants occupies an area of 338,000 kmi2,
almost the size of Germany, which houses
about 80 million inhabitants. About one-
halfofthe exports derive from forestry, but
only about 8% of the population work in
forestry and agriculture. Sales ofpesticides
have decreased during recent years, from a
total of 5,469 tons in 1989 down to 1,929
tons (843 tons as active ingredients) in 1993
(1). 2,4,5-Trichlorophenoxyacetic acid,
which contains dioxins, waswithdrawn from
the market in 1978. Pulp mills chlorinated
their products with chlorine and discharged
their wastes into the lakes or air until 1993.
Currently only chlorine dioxide or nonchlo-
rine bleaching methods are in use. Chlorine
production, as well as some chemical
processes that use chlorine, are possible diox-
in sources. However, a major domestic
source of polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzofurans
(PCDDs/PCDFs) has been uncovered in
Finland: chlorophenols and chlorophenol
production. Chlorophenol formulations
were used as wood preservatives since the
1930s. They were imported from the
United States until 1940 when the produc-
tion of chlorophenols started in Finland
under the trade name Ky-5 (Kymi-
Kymmene, Kuusankoski, Finland). The
production of Ky-S continued until 1984;
this amounted to 23,400 tons ofKy-5 pro-
duced between 1940 and 1984, which was
mainly used for the preservation oftimber.
The use of chlorophenols was ultimately
banned in 1988. Ky-5 contained dioxins at
approximately 0.87 g/ton as international
TCDD toxic equivalents (I-TEQs) and 65
g/ton as total PCDDs/PCDFs (2). Hence,
the total amount ofI-TEQs attributable to
Ky-5 is about 20 kg as I-TEQ or 1,500 kg
as total PCDDs/PCDFs. PCDFs and espe-
cially heptachlorinated furans account for
the main part of PCDDs/PCDFs; 95%
of I-TEQ and 87% of the total PCDDs/
PCDFs were polychlorinated dibenzofurans
(X.
Only one small municipal incinerator is
functioning in Finland in comparison with
the hundreds in Central Europe, but the
prevailing winds may carry their emissions
toward Finland as well. Because 40% ofthe
total S02 deposit in Finland comes via the
air from Central Europe, we may assume
that a major proportion of the total
PCDD/PCDF load is also carried by the
wind from other parts ofEurope.
Food is the main source of PCDDs/
PCDFs and PCBs in humans (3). In Finland,
meat, milk, and dairy products are virtually
devoid of PCDDs/PCDFs, but eggs some-
times contain PCDDs/PCDFs because chick-
en feed may contain marine products (4). The
Baltic Sea is badly polluted with PCDDs/
PCDFs and PCBs, leading to the contamina-
tion ofBaltic fish (5). PCB concentrations in
Finnish food are low except for Baltic fish (6).
In 1993, the total intake ofdioxins as I-TEQs
in Finland has been estimated to be about 94
pg/day/person (7), with the total PCB intake
of1.64pg/day/person (6).
The World Health Organization
Regional Office for Europe (WHO/EURO)
has coordinated two rounds of follow-up
studies on levels of PCDDs, PCDFs, and
PCBs in human milk. Fourteen countries
took part in the first follow-up study, with
Finland among them (8). The detailed, con-
gener-specific analytical results have been
published recently (9). The objectives ofthe
present study were to correlate the birth
weight and sex of a child to PCDD/PCDF
and PCB concentrations ofits mother's milk
and to assess the personal and environmental
determinants that correlated with the levels
ofPCDD/PCDFs and PCBs in human milk
in two areas in Finland in 1987.
Methods
Sample colection andsurveyrespondents.
This study was part of follow-up studies
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into levels of PCDDs, PCDFs, and PCBs
in human milk coordinated by
WHO/EURO. In Finland, we carried out a
larger population-based study in two geo-
graphical areas: Helsinki, the capital city,
and the province of Kuopio (260,000
inhabitants), located approximately 400 km
northeast from Helsinki. All consecutive
women giving birth were recruited between
January and May 1987 from one of the
maternity dinics in Helsinki and from the
maternity clinic of Kuopio University
Hospital. Four weeks after delivery, milk
samples were collected according to
WHO's guidelines (for 2 weeks and
between 10 and 20 ml breast milk/day) (8).
Written consent was obtained from all
mothers. A questionnaire was distributed to
the participating mothers after the delivery,
including questions on maternal education,
age, parity, height and weight before preg-
nancy and after delivery, duration of resi-
dency in their present home region, smok-
ing, diet including use of milk and milk
products, fish consumption, details ofpossi-
ble occupational exposures, use of medi-
cines, and possible complications during
pregnancy or delivery. Information on
newborns' sex, weight, and height was also
included in the questions. The studypopu-
lation who collected and returned the milk
samples constituted a total of 167 mothers
(56% of those who initially indicated that
they would participate), 77 (26% of the
total number of childbirths) in Helsinki
and 90 (30%) in Kuopio. The study popu-
lation is described inTable 1.
The levels ofeducation ofmothers were
divided into five dasses: A, high school edu-
cation (9 years or less; n = 4 and 12 among
primiparae and all mothers, respectively); B,
senior high school or technical school (n =
44 and 86 among primiparae and all moth-
ers, respectively); C, student in university (n
= 5 and 8 among primiparae and all moth-
ers, respectively); D, college degree (n = 19
and 38 among primiparae and all mothers,
respectively); E, university or professional
degree (n = 11 and 22 among primiparae
and all mothers, respectively). Mothers also
were divided into two groups: university or
college level education (C + D + E; n = 35
and 68 among primiparae and all mothers,
respectively) and others (A + B; n = 48 and
98 among primiparae and all mothers,
respectively).
Determination ofPCDDs, PCDFs,
andPCBs. About 40-80 ml ofeach human
milk sample, equivalent to 1.4 g fat, was
spiked with 100 pg 13C-labeled PCDD and
PCDF standards, with 100 pg 13C-labeled
non-ortho PCB standards, and with 100 pg
13C-labeled PCB standards. Milk fat was
extracted with diethyl ether/hexane, and the
fat content was determined and PCDDs/
PCDFs and PCBswere analyzed byhigh res-
olution mass spectrometry as described pre-
viously (9). The levels ofthe 17 most toxic
PCDDs/PCDFs were expressed in I-TEQ
calculated by using the international equiva-
lencyfactors (1J). The toxicequivalents used
for PCBs were those recommended by
Tabe1.Characteristicsofthemotfersandtheweightsofchildreninurban(n=77)andrural(n=90)areasofFinlandin1987
Mother/parity 1 2 3 4 5 8 10
Urban area,Heisinki
iiitX' B.X. jr.$ri ,\t ,,,,,,..,,s ,S; 'j ii ti~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .....
Maternalage(years)
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W0 ~ ~ r
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Table 2. Dioxin concentrations in human milk as international TCDD toxic equivalents (I-TEQs) and the
sum of polychlorinated biphenyls (XPCB) concentrations and PCB-TEQs in urban and rural areas in
Finland in 1987
Mother/parity 1 2 3 4 5 8 10
Urban area, Helsinki
Number 47 22 7 1 - - -
PCDDs/PCDFS (l-TEG pg/gfat)
Mean ± SD 26.3 ± 11.8 16.8 ± 5.8 16.2 ±8.5 4.46 - - -
Range 14.7-96.3 6.0-28.8 6.1-33.1 -
XPCB (ng/gfat)
Mean ±SD 496 ±218 385 ± 132 285 ± 197 68.5
Range 173-1,624 196-615 78-715 -
PCBs (TEQ pg/g fat)
Mean ± SD 37.0 ± 24.8 27.6 ± 11.8 21.5 ± 18.7 4.01
Range 8.86-162 10.1-60.6 5.01-65.4 - - - -
Rural area, Kuopio
Number 37 34 12 4 1 1 1
PCDDs/PCDFS (I-TEQ pg/g fat)
Mean ± SD 20.1 ±6.5 18.1 ± 6.2 16.5 ± 6.3 15.8 ± 4.39 10.2 3.86 5.42
Range 10.8-37.4 8.0-33.9 6.92-30.9 8.78-20.2 - - -
XPCB (ng/g fat)
Mean ±SD 396 ± 164 356 ± 209 258 ± 126 332± 47.9 180 60.6 169
Range 140-834 159-1,388 85-570 263-398 - - -
PCB (TEQs pg/g fat)
Mean ± SD 26.5 ± 9.90 26.7 ± 14.8 19.4 ± 12.6 22.0 ± 7.38 16.7 3.71 14.1
Range 10.0-50.9 8.70-95.3 7.48-52.4 13.0-31.3
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Figure 1. Correlation of newborn children's birth weights with dioxin levels of mother's milk
children (regression intercept= 28.4 and slope = -0.00228). (B) Among all boys (regression
and slope = -0.00302). (C) Among all girls (regression intercept = 24.0 and slope = -0.00107)
primiparae (regression intercept = 24.3 and slope = -0.00021). (E)Among primiparae girls (re
cept = 20.3 and slope = 0.00065). (F) Among primiparae boys (regression intercept = 28
-0.00106). Abbreviations: PCDDs/PCDFs, polychlorinated dibenzo-p-dioxins and polychlorinm
rans; I-TEQ, international-TCDD toxic equivalents.
WHO, i.e., 0.1 for PCB 126; 0.01 for PCB
169; 0.0005 for PCBs 77, 114, 156, and
157; 0.0001 for PCBs 105, 118, 123, 170,
and 189; and 0.00001 for PCB 180 (11).
This laboratory has participated successfully
in international quality control studies for
the analysis of PCDDs and PCDFs in cow
milk samples organized by the European
Community Bureau ofReference (EU/BCR)
project in 1993 (12,13) and is an accredited
testing laboratory (No. T77) in Finland
(SFS-EN 4500 and ISO/IEC Guide 25).
The scope of accreditation includes
PCDDs/PCDFs, PCBs, and non-ortho
PCBs from milk. Regression analysis was car-
ried out using Lotus 1-2-3 (release 2.01;
Lotus, Cambridge, MA). Student's t-test,
Pearsson's, and analysis of variance
(ANOVA) in SPSS (SPSSPC+, Chicago, IL)
were used to test the statistical significance of
results.
Results
- - The characteristics of the mothers and the
d dibenzofurans. weights of children, all together as well as
boys and girls separately, in urban and
rural areas ofFinland in 1987 are shown in
Table 1. Altogether, 47 of77 mothers from
the urban area and 37 of 90 mothers from
the rural area wereprimiparae. A mother in
the rural area nursing her tenth child and a
mother in the urban area nursing her
fourth child were included in this study.
The ages ofthe mothers ranged between 20
5,000 6,000 and 37 years (both first-time mothers) in
the urban area and between 19 (first child)
and 41 years (tenth child) in the rural area.
D Body mass indexes (BMI) before pregnancy
and delivery were 5-10% higher in the
rural area than in the urban area, but the
fat content of milk was about 10% higher
in the urban area than in the rural area.
The average weight of all children was
3,630 g, the median was 3,625 g, and the
standard deviation (SD) was 527 g.
4200 5,000 Dioxin I-TEQand PCB concentrations
of the milk are shown in Table 2. The
average dioxin and XPCB concentrations
F of all primiparae were 26.3 pg I-TEQ/g
and 496 ng/g fat, respectively, in the urban
area and 20.1 pg I-TEQ/g and 396 ng/g
fat, respectively, in the rural area. The dif-
ferences were statistically significant
(p<O.OOl for dioxin I-TEQs and p<0.01
for XPCB). Dioxin (as TEQs) and XPCB
levels in human milk decreased with the
number ofchildren. In the urban area, the
mean decrease was on average 20% per one
c. (A) Among all breast-fed child; in the rural area, the
intercept = 30.8 decrease was about 10% for both PCDD/
(0) Among all PCDF andXPCB concentrations. .gression inter-
B.7 and slope = Correlation ofweight and sex ofthe
ated dibenzofu- child with PCDD/PCDF and PCB con-
centrations in milk. The mean weights of
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children were similar in both areas, 3,500 g
in primiparae with an increasing trend in
multiparae (Table 1). The second child was
heavier than thefirstchild, 10% in the urban
area and 6% in rural area. Using Pearsson's
correlation 2-tailed test, the weight of the
child correlated negatively with I-TEQs in
mother's milk in thewhole group ofchildren
(-0.1779; p = 0.022; n = 166; Fig. IA) and
more so in boys (-0.239; p = 0.038; n = 76;
Fig. 1B), butnot ingirls (-0.0806;p= 0.450;
n = 90; Fig. 1C). Ifthe analysis was restricted
only to primiparae, no correlations were
detected in all firstborn children (-0.075;p =
0.502; n = 83; Fig. ID), either in girls (Fig.
IE) or in boys (-0.179; p = 0.310; n = 34;
Fig. IF). The slight decrease in weight of
children did slighdly correlate with the con-
centrations of2,3,4,7,8-Cl dibenzofuran
(-0.159; p = 0.041; n = 166), 1,2,3,7,8-Cl5
dibenzodioxin (-0.156; p = 0.045), and
2,3,7,8-Cl4 dibenzodioxin (-0.130; p =
0.095; n = 166). No correlation was found
between the weight ofchildren and XPCBs
in all the children (-0.0953; p = 0.222; n =
166), in boys (-0.0551; p = 0.636, n = 76),
in girls (-0.1439; p = 0.176; n = 90), among
all primiparae (-0.0003; p = 0.998; n = 83),
or in primiparae girls or boys (-0.0096; p =
0.957; n = 34). Therewas also no correlation
between the weight of the child and PCB-
TEQs (-0.0229;p = 0.769; n = 166) or indi-
vidual PCB congeners.
Influence ofeducation ofmother on
the weight of newborns and on
PCDD/PCDFandPCB concentrations in
milk. The education ofthe mother had no
effect on the weight of the children either
amongprimiparae (F= 0.308 andp = 0.872
in the analysis ofvariance in five groups and
F= 0.099 andp = 0.754 in two groups) or
amongall mothers (F= 0.084 andp = 0.987
in five groups and F= 0.099 andp = 0.754
in two groups). Also, no effect was found on
the weight ofthe child when boys and girls
were analyzed separately (Table 3).
However, a highly significant effect was
detected with respect to I-TEQ in primi-
parae (F= 3.63 andp = 0.009 in five groups
and F= 11.6 andp = 0.001 in two groups)
and in all mothers (F= 3.52 andp = 0.009
in five groups and F= 9.53 andp = 0.002 in
two groups). The average dioxin and PCB
concentration in human milk increased with
the education ofthe mothers from group A
to E (Table 3). This correlation was particu-
larly clear with I-TEQ, 2,3,4,7,8-Cl5 diben-
zofuran, 1,2,3,7,8-Cl5 dibenzodioxin, and
octochloro dibenzo-p-dioxin (OCDD) con-
geners, and even more significant forXPCB
in primiparae (F = 4.69 and p = 0.002 in
five groups and F= 14.99 and p<0.001 in
two groups) and with all mothers (F= 6.14
and p<0.001 in five groups and F= 15.3
and p<0.001 in two groups). The average
XPCB concentration in human milk was
similar to I-TEQ, increased from groupAto
E (Table 3). This effect was apparent for
most of the PCB congeners, but especially
clear for PCB-TEQ and PCBs 126, 153,
and 169. The mothers' level of education
correlated with theweight ofgirls (p = 0.024
and 0.025 among primiparae and all moth-
ers, respectively), but notwith theweight of
boys. Significant correlations between the
mothers' level of education and the fish
Table 3. Effect of education of mother on weight of child and polychlorinated dibenzo-p-dioxins and poly-
chlorinated dibenzofurans and polychlorinated biphenyls (PCB) concentrations in mother's milk.
Mother/education Aa B C D E
Primiparae
Number boys/girls 1/3 22/22 1/4 5/14 5/6
Weightof child (g) 3,428 ± 428 3,523 ± 646 3,702 ± 310 3,459 ± 373 3,406 ± 500
Boys 4,030 3,556 ± 802 4,080 3,518 ± 486 3,434 ± 307
Girls 3,227 ± 181 3,490 ± 459 3,608 ± 262 3,438 ± 343 3,383 ± 651
I-TEQ(pg/g fat) 18.7 ± 4.95 20.9 ± 6.92 21.4 ± 6.81 25.9 ± 4.41 26.3 ± 5.32
Boys 12.1 21.5 ± 7.36 31.7 26.4 ± 3.07 25.8 ± 5.15
Girls 20.9 ± 2.71 20.4 ± 6.56 18.9 ± 4.29 25.8 ± 4.89 26.7 ± 5.90
X;PCB(ng/gfat) 339 ± 109 389 ± 160 405 74.9 520 ± 130 541 ± 134
PCB-TEQ (pg/gfat) 23.0 ± 7.30 26.0 ± 11.4 28.9 ± 3.94 36.1 ± 15.0 44.5 ± 20.1
All mothers
Number boys/girls 5/7 46/40 2/6 14/24 9/13
Weight of child (g) 3,638 ± 481 3,641 ± 600 3,676 ± 262 3,624 ± 394 3,576 ± 547
Boys 4,022 ±335 3,709 ± 682 3,940 ± 198 3,709 ± 394 3,760 ± 611
Girls 3,360 ± 372 3,563 ± 488 3,588 ± 226 3,575 ± 393 3,448 ± 481
I-TEQ(pg/g fat) 16.0 ± 4.66 18.6 ± 7.46 17.7 ± 8.25 22.2 ± 6.47 22.4 ± 6.87
Boys 14.8 ± 4.43 18.5 ± 8.05 20.2 ± 16.2 21.4 ± 5.31 20.9 ± 8.05
Girls 16.8 ± 5.00 18.7 ± 6.81 16.9 ± 6.29 22.6 ± 7.14 23.5 ± 6.09
XPCB(ng/gfat) 305 ± 115 346 ± 159 327 ± 136 432 ± 149 516 ± 249
PCB-TEQ( pg/g fat) 24.8 ± 11.8 24.3 ± 12.6 22.3 ± 10.3 30.2 ± 13.2 39.4 ± 21.4
Abbreviations: I-TEG, international TCDD toxic equivalents; XPCBs, sum of PCBs. Values shown are mean ± standard
deviation.
Letters indicate the mother's level of education; A = high school education or less, B = senior high school ortechnical school, C = student in
university, D = college degree, E = university or professional degree.
consumption and BMI before delivery were
also found.
Effect offish consumption, smoking
habits, age, andbody massindex ofmoth-
er on PCDD/PCDFand PCB concentra-
tions in human milk. Fish consumption
was categorized into five classes: more than
once aweek (I; 2.6% and 1% ofmothers in
urban and rural areas, respectively); once a
week (II; 38% and 38%); once in 2 weeks
(III; 36% and 32%); once or less than once
a month (IV; 21% and24%); and never (V;
2.6% and 2.2%). Primiparae who ate fish
(classes I, II, and III) in the rural area
showed significantly higher concentrations
ofPCDD/ PCDFs than primiparae who ate
little or no fish (dasses IV and V; p<0.01;
Fig. 2). In the urban area, higher I-TEQs
were found in primiparae who ate fish than
in those who did not eat fish, but the differ-
ence was not statistically significant (Fig. 2).
Statistically nonsignificantly higher XPCB
concentrations were found among primi-
parae in the urban area who ate fish than in
those primiparae who did not regularly con-
sume fish; in the rural area, no differences
werefound.
There was no systematic difference in
PCDD/PCDF or XPCB levels in human
milk between smoking and nonsmoking
mothers. The number of smokers was
small: in the rural area none ofthe mothers
smoked, but eight were ex-smokers (22%),
in the urban area six mothers (13%)
smoked and 17 (36%) were ex-smokers.
PCDD/PCDF and PCB concentrations
in human milk of primiparae increased
with age. The correlation coefficient Rwas
0.51 for both I-TEQs and XPCB in the
urban area but only 0.21 and 0.06 for I-
TEQs and XPCB, respectively, in the rural
area. A slight negative correlation between
I-TEQs or XPCB in human milk and the
BMI of the mothers was found (R = 0.05
and 0.12 for I-TEQs and YPCB in the
urban area, respectively, and R= 0.23 and
50 ?
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Figure 2. Effect of fish consumption on the levels
of polychlorinated dibenzo-p-dioxins and poly-
chlorinated dibenzofurans in human milk in the
urban (Helsinki) and rural (Kuopio) areas of
Finland. Only primiparae are included. I-TEQ,
international TCDD toxic equivalents.
Volume 106, Number 2, February 1998 * Environmental Health Perspectives 64Articles * Model for PCDDs/PCDFs
0.20 for I-TEQs and XPCB in the rural
area, respectively).
Modeling ofPCDD/PCDF and PCB
concentrations in human milk. The dioxin
and furan I-TEQs were modeled by an
equation where slight effects, such as fat
content ofmilk and BMI, in addition to the
stronger effects such as age of the mother
and use of fish, were taken into account.
The model was used only for primiparae.
The equation is as follows:
Modeled I-TEQ for PCDD/PCDF =
k1/Fat x (A-19) xFfiSh/BMI +2
where ki = constant (80 and 135 for I-
TEQs for urban and rural areas, respective-
ly); k2 = constant [I-TEQ-concentration ofa
19-year-old mother (I-TEQs of 13 for
urban and 7 for rural areas, respectively)];
Fat = fat content ofhuman milk (%); A =
age ofmother (years); Ffish = 0.1 formothers
who never eatfish, 0.25 formothers who eat
fish less than once in 2 weeks, 1 for mothers
who eat fish once in 2 weeks, 2 for mothers
who eat fish once aweek, and 4 for mothers
who eat fish more frequently than once a
week; and BMI = body mass index before
pregnancy [weight (kg)/height2 (m)].
Thelinearregression resulted in acorrela-
tion between modeled and measured I-TEQs
in Helsinki (R = 0.67) and in Kuopio (R =
0.30), and forboth together (R= 0.60). After
a mother with exceptionally high I-TEQ (96
pg/g fat; 37 years old; Ffish = 4) was excluded,
Rdecreased to 0.60 in Helsinki (Fig. 3). The
increase ofPCDD/ PCDF body burden was
calculated to be on average 0.58 pg I-TEQ/g
milkfat/year in the urban areaand 0.39 pgI-
TEQ/g milkfat/year inthe rural area.Adding
theeducation ofmother to the model slightly
worsened themodel.
The same model could be used for mod-
eling PCB concentrations of human milk.
The linear regressions obtained for XPCB
were R= 0.60 in Helsinki and R= 0.11 in
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Figure 3. Correlation between measured and mod-
eled polychlorinated dibenzo-p-dioxin and poly-
chlorinated dibenzofuran concentrations in human
milk. Only primiparae from Helsinki were included.
I-TEQ, international TCDD toxic equivalents.
Regression intercept = 6.34 and slope = 0.765.
smoking habits to the model did not alter
the outcome.
Discussion
The levels ofdioxins and furans have been
analyzed in several countries under the
auspices of WHO/EURO. WHO orga-
nized the first sampling of human milk
samples in 1986-1987, and Finland was
one of several participating countries (8).
Due to the high costs ofanalyses, only two
pooled samples were analyzed; in these,
only PCDDs/PCDFs were analyzed in
Finland in 1987, but milk samples were
collected using a population-based sam-
pling frame that allowed generalization of
the results. Fat from the milk samples was
extracted into hexane soon after the collec-
tion ofthe samples, and these extracts were
analyzed after the quality assurance of the
methods used to analyze PCDDs/PCDFs
and individual PCB congeners. The moth-
ers also completed extensive questionnaires.
The detailed, congener-specific analytical
results have been published separately (9);
the present study attempted to model
PCDD/PCDF and PCB concentrations on
the basis of the individual dietary and liv-
ing habits and aimed to determine if an
elevated concentration of PCDDs/PCDFs
or PCBs in mother's milk and in the body
of the mother could influence the birth
weight or sex ofthe newborn baby.
Dioxins and furans induce a number of
serious effects in experimental animals (14).
Humans have been thought to be less sensi-
tive than other animals, but there is little
direct information for such a claim.
Rylander et al. (15) studied infants born to
fishermen's wives on the eastern Swedish
coast of the Baltic Sea and on the western
Swedish coast ofthe North Sea in a cohort
study and reported an increased risk oflow
birth weight without any dose-response
relationship. The effect was more conspicu-
ous for the boys [odds ratio (OR) = 2.1]
than for the girls (OR = 1.1). The exposure
estimate was based simply on interview
only. In a study in Michigan (16), a lower
birth weight was reported to be in associa-
tion with higher fish (and PCB) intake,
although this result is not generally accept-
ed and severe criticisms have been raised
(17-21). In contrast, in North Carolina, no
such effect was observed (22). In ourstudy,
the mean weights ofchildren increased with
00 the numbers of children and the I-TEQs
decreased. However, first-born infants usu-
ally weigh less than second- or third-born
infants, a phenomenon that was recognized
long before PCDDs/PCDFs were released
into the environment (23). When onewish-
es to study the PCDD/PCDF concentra-
tions in human milk, controlling for parity
is essential, especially in Nordic countries
where breast-feeding may last several
months, resulting in a decrease of PCDD/
PCDF body concentrations (24-28). This
decrease was dearly apparent in this study.
Despite the fact that the average PCDD/
PCDF concentrations of human milk
among primiparae in Helsinki were 33%
higher than in Kuopio, the average weights
ofchildren were equal. Also no correlations
were found between the weight ofthe new-
born and the dioxin concentrations of
primiparae mothers. Hence, the present
results do not confirm the theory proposed
byRylander et al. (15). However, the power
ofthe present study is not sufficiently great
to completely rule out the existence ofsome
relationship. It is possible that the con-
geners 2,3,4,7,8-Cl5 dibenzofuran,
1,2,3,7,8-Cl5 dibenzodioxin, and 2,3,7,8,-
Cl4 dibenzodioxin might correlate with the
weight in children. It is somewhat surpris-
ing that the mother's level ofeducation had
no effect on the weight ofchild. The health
care for Finnish mothers is extremely well
organized and is free of charge throughout
the nation. On the otherhand, a linear rela-
tionship was detected between dioxin and
PCB concentrations in mother's milk and
the mother's level of education. PCB con-
centrations in mother's milkcorrelated even
better than dioxins or furans with the
mother's educational degree. One explana-
tion is fish consumption in Finland: the
better educated the mother, the more likely
she is to eat fish. The mother's education
positively correlated in this study with fish
consumption and negativelywith BMIs.
Because analyses of dioxin are difficult
and expensive, an approximate model for
PCDD/PCDF body burden would be very
useful both for purposes ofcontrol as well as
for epidemiological studies. It is possible to
calculate the daily intake ofPCDDs/PCDFs
from food iflevels and amounts ofdifferent
food items are known. This has been per-
formed in many countries, and the intake
values vary between 49.5 pg/day in Norway
(29) to 18-192 pg/day in the United States
(30). However, other factors also influence
the concentrations of dioxins in humans,
e.g., age of the person. In our study, the
most important factors affecting the model
ofPCDDs/PCDFs in human milk were the
frequencyoffish consumptionandtheageof
the mother; minor factors were BMI and fat
concentration of human milk. The model
would probably have been better if the
species of fish had also been determined
along with the frequency of fish consump-
tion. The concentrations ofPCDDs/PCDFs
in different fish species are well known in
Finland; mature Baltic fish contains high lev-
els ofPCDDs/PCDFs and lake fish have low
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levels; fish from the Atlantic Ocean are
almost devoid ofPCDD/PCDFs as are culti-
vated fish (5). This is a reasonable explana-
tionforthebetterfitofthemodel in Helsinki
than in Kuopio because in Kuopio mainly
lake fish with low levels ofPCDDs/PCDFs
are used. The model also revealed that the I-
TEQ concentrations of 19-year-old primi-
parae mothers were almost the same in urban
and rural areas, 9.4 and 9.9 pg/g fat, respec-
tively. Addition of the education of the
mother to the model did not improve the fit,
probably because fish consumption and BMI
were already induded. The model developed
in this studyto evaluate the concentrations of
PCDDs/ PCDFs and PCBs in human milk
is valid only for primiparae. For second chil-
dren, we should have known at least the
duration of breast feeding of the previous
children andthetimeperiodbetween thefirst
and subsequent children. Beck et al. (31) cal-
culated the decrease ofPCDDs/PCDFs dur-
ing a 12-week breast-feeding period to be
15-25%. With respect to the dependence on
the age of the mothers, they found the
increase ofthe PCDD/PCDF body burden
tobe 0.71 pg I-TEQ/gfat/year. In ourstudy,
the increase was 0.58 pg I-TEQ/g fat/year in
the urban area and 0.39 pg I-TEQ/g milk
fat/year in the rural area. Beck et al. (31) did
not find any dependence of PCDD/PCDF
levels on BMI or smoking, butwe did detect
aslightnegativecorrelationwith BMI.
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